Introduction
The association of N,N-dimethylmethanesulfonamide (DMMSA) with phenols has been investigated by NIR spectrophotometry1, and the densities and viscosities of binary solvent mixtures containing DMMSA have been measured2 in our laboratory. The results indicate a weaker hydrogen bonding ability for the sulfonamide than for the correspond ing carboxamide. Continuing our investigations, we have now studied the hydrogen bond acceptor properties of the compound using PMR spectro metry, which also gives information about hydrogen atoms participating in 113-drogen bonds. The NIR method is based on information about the monomeric species only. Experimental Chemicals. N, N -Dimethylmethanesulfonamide was synthetized from methanesulfonyl chloride and dimethylamine in anhydrous ether as described earlier2, m.p. 49.5-50*5 °C (lit.3 m.p. 4 9 -5 0°C). Phenol, a purum product from E. Merck AG, Darm stadt, BRD, and 4-chlorophenol, a praktikum pro duct from Fluka AG, Buchs, Switzerland, were purified by distillation from benzene solution. Car bon tetrachloride, a Uvasol chemical for spectro scopy from E. Merck AG, was dried and preserved above Union Carbide Molecular Sieves, Type 4 A, from British Drug Houses Ltd., Poole, England.
PMR spectra were recorded on a Varian T-60 spectrometer at 35 °C. The spectrometer was cali brated by the "sideband technique" using a KrohnReprint requests to Prof. P. O. I. Virtanen, Department of Chemistry, University of Oulu, SF-90100 Oulu 10, Finland.
Hite 4100 oscillator and an Advance TC 9 counter. The chemical shifts reported are means of the values determined from at least four spectra recorded by two successive sweeps in both direction.
Results
For the formation of the 1 : 1 complexes Cn AH + B^C n (1) the equilibrium constant is
where cc is the equilibrium concentration of the complex and ca and the initial concentrations of the proton donor and acceptor, respectively. If selfassociations are negligible, the chemical shift ob served is
where dc and da are the chemical shifts of the 1 : 1 complex and the proton donor, respectively.
When the values of the chemical shift for the OH-proton of phenol and 4-chlorophenol in carbon tetrachloride at 35 °C were plotted as a function of ca and extrapolated to infinite dilution, we obtained for da the following values: 255.3 cps for phenol and 259.3 cps for 4-chlorophenol, which are in excellent agreement with the values reported in the literature: 255.5 cps4 for phenol and 259.9 cps5 for 4-chloro phenol.
In the method of Higuchi6, K u , cc and dc are determined by iterations from the equations
using for da the value determined by extrapolation to infinite dilution. According to Gramstad and Becker4, the self-association of the proton donor can be taken into account by using for da the values measured at the actual concentrations ca without the presence of the proton acceptor. The results calculated by these two methods are collected in Tables 1 and 2 7. For the formation of the 2 : 1 complexes C21 2AH + B^C 2i (6) the equilibrium constant is (ca -2cc)2 (cb -cc) and the chemical shift observed is
Neglecting the terms containing the concentration of the complex to the second or the third power, it is easy to derive the equation
which permits calculation of K 21 from the values of the slope and intercept. The results are collected in Table 2 .
Discussion
Using NIR spectrophotometry, the values of 11.0 cm3 mole-1 and 21.4 dm3 mole-1 at 35 °C have been measured for the equilibrium constant of the formation of 1 : 1 complexes for phenol and 4-chlorophenol with DMMSA at lower concentrations, respectively1. The values now measured at higher concentrations fall in the same range, but they in crease along with the increasing proton donor con centration. This can partly be ascribed to the selfassociation of phenols, since associated forms can be assumed to form hydrogen bonds more readily than the monomelic species. However, although the picture of the self-association of phenols is not at all clear and different association models have been suggested, examination of the available data does not presuppose any considerable self-association. For example, for the equilibrium constant of the association to trimers the value of 2.4 dm 6 mole-2 at 35 °C for phenol» and the value of 0.302 dm«* mole-2 at 25 °C for 4-chlorophenol 9 have been re ported. The insignificance of self-association is also seen from the values in Tables 1 and 2 , as the method of Gramstad and Becker does not yield more con stant values of K \\ than the method of Higuchi. Self-association of DMMSA is not apparent.
The values of K2\ in Table 2 decrease sharply with increasing proton donor concentration. Thus our data are in accordance with the model where, in addition to 1 : 1 complexes, also 2 : 1 complexes are formed to a lesser degree. This model is anal ogous to that suggested for the association of phenols with sulfoxides10. As DMMSA is a better proton acceptor than phenol, it polarizes the phenol O-H bond more and is itself polarized in complexes. This consequently facilitates the forma tion of 2 : 1 complexes in the concentration range where phenol itself is not dimerized.
